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ACTIVE PIXEL SENSOR (APS) READOUT STRUCTURE WITH AMPLIFICATION 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of the U.S. 
Provisional Application No. 60/139,348 entitled NOVEL IDEA FOR 
5 A NEW READOUT STRUCTURE OF APS filed on June 15, 1999. 

BACKGROUND 

Active pixel sensor (APS) imaging devices are described 
in U.S. Patent No. 5,471,515. These imaging devices include 
an array of pixel cells that convert light energy into 

10 electrical signals. Each pixel includes a photodetector and 
one or more active transistors formed of MOS technology. The 
transistors typically provide amplification, readout control 
and reset control, in addition to producing the electrical 
signal output from the cell. 

15 APS devices may be fabricating using CMOS technology. An 

APS sensor, including a pixel array and readout structure, may 
be provided on the same integrated circuit (IC) chip. The 
gain stage of the APS sensor may consume a considerable amount 
of the chip area. However, reducing the size of this area may 

20 sacrifice signal gain in the APS sensor. 

The readout structure of an APS typically includes a 
source follower transistor. Use of such a transistor may 
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itself limit the dynamic range of the sensor when reading out 
the pixel and provide a voltage gain less than unity. 

SUMMARY 

An active pixel sensor (APS) according to an embodiment 

5 includes an array of individually addressable APS cells, each 
of which include a row select transistor and an output 
transistor, and a pixel readout structure that includes an 
amplifier. The amplifier structure includes the row select 
transistor and output transistor of each pixel. The amplifier 

10 may provide a gain of one or higher. 

According to an embodiment, the amplifier has a two 
branched structure. One branch includes a transistor 
connected to V DD , and the output transistor and the row select 
transistor for each pixel in a column. The other branch 

15 includes three transistors in series, the first connected to 
V DD , and the third connected to the drain of a source follower 
transistor connected to ground. The row select transistor for 
each pixel in the column is also connected to the source 
follower transistor. The transistors in the branches 

20 connected to V DD may be p-type MOSFETS and the other 
transistors may be n-type MOSFETS. 

According to another embodiment, a transistor may be 
connected between the pixel output transistor and the p-type 

2 
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transistor in each pixel to protect the output transistor from 
voltage charges in the column line. 

According to another embodiment , the amplifier may be 
provided with a gain selector to optionally change the gain in 
the amplifier. The gain selector may comprise two p-type 
transistors connected between the source of the p-type 
transistor in each branch and V D d= a gain transistor and a 
gain-enable transistor. The gain transistor, connected to V DD , 
may be self-biased, and the gain-enable transistor may be 
controlled between ON and OFF states by a gain voltage source. 
When the gain-enable transistor is ON, the gain transistor and 
other transistor at V DD are effectively in parallel, thereby 
altering the gain of the amplifier. 

The details of one or more embodiments of the invention 
are set forth in the accompanying drawings and the description 
below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, 
and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic diagram of an active pixel sensor 
(APS) including an amplifier circuit in the readout structure 
according to an embodiment. 



Attorney Docket No.: 08305/073001/99-08/99-09/99-10 

FIG. 2 is a schematic diagram of an amplifier according 
to the embodiment of FIG. 1. 

FIG. 3 is a schematic diagram of an APS according to 
another embodiment . 

FIG. 4 is a graph illustrating an input signal for a 
simulation performed on the embodiment of FIG. 3. 

FIG. 5 is a graph illustrating a response of the 
embodiment of FIG. 3 with the input of FIG. 4. 

FIG. 6 is a schematic diagram of an APS according to 
another embodiment including voltage protection for the pixel 
output transistors . 

FIG. 7 is a schematic diagram of an APS according to 
another embodiment including a gain selector in the amplifier. 

Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

An embodiment is shown in FIG. 1. The readout structure 
102 of an active pixel sensor (APS) 100 includes an amplifier 
circuit 104. The APS includes an array 106 of independently 
addressable pixels arranged in n rows and m columns. FIG. 1 
illustrates two of the pixels 108, 110 that are connected to a 
column of line 112 of the pixel array. Pixel 108 is in row 1 
and pixel 110 is in row 2. Each pixel includes a 
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photodetector 114, such as a photogate, photodiode or pinned 
photodiode, a reset transistor 116, a source-follower output 
transistor 118 (denoted Ml) , and a row select transistor 120 
(denoted M6) . The gate 122 of the output transistor is 

5 connected to a pixel voltage provided by the photodetector. 

The gate 124 of the row select transistor 120 is connected to 
a row enable voltage which is set HIGH when the pixel is being 
read out, thereby allowing the voltage on the output 
transistor to be passed to the column line 112. The output 

10 transistor 118 and row select transistors 120 may be n-type 
MOSFET transistors. 

The drain 130 of each output transistor 118 in the column 
is connected to the source 132 of a p-type transistor 134 
(denoted M3) . The drain 136 of transistor 134 is connected to 

15 a system drain voltage V DD , and the gate 138 of transistor 134 
is connected to its source. The source of each row select 
transistor 120 in the column is connected to the drain 140 of 
an n-type source follower transistor 142, which has a gate 144 
connected to a bias voltage, V b ias^ and a source 14 6 connected 

20 to ground. 

When a pixel is being read out, the p-type transistor 
134, pixel output transistor 118, and pixel row enable 
transistor 120 form one branch of the amplifier circuit 104. 
A second branch of the amplifier circuit includes a p-type 
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transistor 150 (denoted M4) and two n-type transistors 152, 
154 (denoted M2 and M7, respectively). The drain 156 of p- 
type transistor 150 may be connected to V DD and its gate 158 
connected to its source 160. The drain of transistor 152 is 
5 connected to the source of transistor 150 and the gate 162 is 
connected to a load voltage V n . The drain of transistor 154 
is connected to the source of transistor 152, its gate 164 is 
connected to V DD and its source is connected to the drain of 
source-follower transistor 142. Transistor 154 in the second 

10 branch may be provided for symmetry with row enable transistor 
120 in the pixel being read out. 

When the pixel is read out, the row enable voltage is set 
HIGH, and row select transistor 120 and transistor 154 are 
essentially shorted out. The relationship of the remaining 

15 transistors in the amplifier circuit 104 may be described as 
shown in FIG. 2. The gain of the amplifier is: 
(1) A 0 =g m i* (r ds2 //r S 4) =//r dS 2»r s4 //^gmi^r S 4=g m i/g m 4=//Un-3^iJp//^ 

(3*(W/L)i/(W/L) 4 ) la 
When V p equals V n the output is the same and these outputs are: 

20 ( 2 ) V out+ =V ou t-=V DD -V gs4 -V DD -Veff- | V tp I =V DD - ( I b ias/Up* C ox* (W/L) 4 ) H - \ V tp I 

A simple first order transfer function of a dominant pole op 
amp can be described by: 
(3) A v (s)=A 0 /(1 + s/g>) 
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(4) A v (s) =g m i* (rout//l/sC L ) =/f or midband frequencies C L 
dominates/=g ml /sC L =>/ | A v ( jco ta ) | =l/=> 

(5) co t a = giai/C L =>/co« co ta /; and 

(6) A 0 *C0=G)ta= s gml/C L => 

(7) t SW itch=C L ^Ao/g m i f where 
G m is the transistor's transconductance, 
R ds is the Drain-Source resistance, 
R s is the source resistance, 
C 0 x is the gate oxide, 
V gs is the Gate-Source voltage, 
V tp is the threshold voltage for PMOS, 
W is the channel width, 
L is the channel length, 

]i n is the mobility of the NMOS transistor, 
\i p is the mobility of the PMOS transistor, and 
the subscripted numerals refer to the transistor 
denotations . 

Typical values in a 0.8 pin-process are: 

|V t p| = |V t nl=0.8V; and 

lin^C ox ^3^]a p ^C ox ^90yiA/V. 

The dimensions of the various transistors may be adjusted 
to reduce noise. For example, the length of transistor 150 
(M4) may be decreased to decrease flicker noise. Input noise 
may be independent of the width of transistor 150. That width 
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hence may be widened to maximize signal swing at the output. 
Also, increasing the length of the pixel output transistor 118 
may increase noise, whereas increasing the width of the 
transistor 118 may reduce flicker noise, thermal noise, and 
white noise. 

The gain of the amplifier 104 according to the embodiment 
may be set to unity or higher. The response of a simulated 
sensor according to the embodiment shown in FIG. 3 was 
demonstrated with a gain value set to four (4) . The 
simulation included three pixels, each with a pixel voltage, 
Vin+i/ V in+2 , and V in+3 , respectively. The potentials used in the 
simulation were as follows: V DD = 5 V; V in _ = 2.85 V; V in+ i = 
3.3 V; V in+2 = 2.7 V; and V bias = 1.2 V. V in+3 400 was varied as 
shown in FIG. 4. FIG. 5 illustrates the voltage response 500 
of the simulated sensor. The sensor including the amplifier 
in the readout structure demonstrated a relatively higher 
dynamic range and gain than expected from a source follower 
transistor alone. 

According to an embodiment shown in FIG. 6, another 
transistor 600 (denoted M8) may be provided in the pixel 
between the p-type transistor and pixel output transistor. 
This blocking transistor may protect the output transistor 
from being effected by voltage changes in the branch line 135 
when reading other pixels in the column. 
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FIG. 7 shows an embodiment with additional structure 
added to the amplifier circuit to enable the selection of 
different gain settings for the amplifier. Another self- 
biased p-type transistor, gain transistor 700, is added to 
each branch between V DD and a node 702 at the sources of the p- 
type transistors 134, 150. A gain-enabled p-type transistor 
704 is connected between the node 702 and the source of the 
gain transistor 700. The gate of each gain-enabled transistor 
7 04 is connected to a variable gain voltage, V ga i n - When V ga i n 
is set HIGH, the gain-enabled transistor 704 is OFF and the 
circuit operates similarly to the embodiment shown in FIG. 1. 
To alter the gain provided by the amplifier, Vg ain may be set to 
LOW, turning the gain-enabled transistor 704 ON and 
effectively placing p-type transistor 134, 150 (M3, M4) and 
the respective gain transistor 700 in each branch in parallel. 
Thus, the effective source resistance of the p-type 
transistors 134, 150 will decrease. As may be determined from 
equation (1), this will increase the gain of the amplifier as 
gain is inversely proportional to the source resistance of the 
p-type transistors 134, 150. 

The branched amplifier according to an embodiment may 
reduce noise from the substrate because it provides a 
differential output. The amplifier may also improve the 
dynamic range of the sensor when reading out a pixel because 
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loss from the source follower may be reduced with the addition 
amplifier structure. 

A number of embodiments of the invention have been 
described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit 
and scope of the invention. Accordingly, other embodiments 
are within the scope of the following claims. 



10 
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WHAT IS CLAIMED IS: 

1. An imaging device comprising: 

a plurality of active pixel sensor cells, each 
having a photosensor, a row select transistor, and an output 
transistor including a gate connected to a pixel output 
voltage; and 

a readout circuit connectable to each of said APS 
cells, said readout circuit including an amplifier, said 
amplifier including the row select transistor and the output 
transistor of each of a plurality of said active pixel sensor 
cells . 

2. The imaging device of claim 1, wherein the amplifier 
provides a gain of about one or higher. 

3. The imaging device of claim 1, wherein the amplifier 
comprises : 

a first branch comprising: 

a first transistor having a drain connected to 

a first voltage source; 

the row select transistor of each pixel; and 
the output transistor of each pixel; 

a second branch comprising: 
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a second transistor having a drain connected to 
the first voltage source; 

a third transistor having a gate connected to a 
second voltage source; and 

a source follower transistor having a drain 
connected to a source of each of the third 
transistor and the output transistor of each pixel. 

4. The imaging device of claim 3, wherein the first 
voltage source comprises V DD . 

5. The imaging device of claim 3, wherein each of the 
first and second transistors comprise a p-type transistor and 
each of the row select transistors, output transistors, third 
transistor, and source follower transistor comprise an n-type 
transistor . 

6. The imaging device of claim 3, further comprising a 
fourth transistor connected between the third transistor and 
the source follower transistor, said fourth transistor 
comprising a gate connected to the first voltage source. 

7. The imaging device of claim 3, wherein each pixel 
and the amplifier are connected to a column line, and further 

12 
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3 comprising a switch in each pixel to shield the output 

4 transistor from voltage changes in the column line. 



1 8. The imaging device of claim 7, wherein the switch 

2 comprises a blocking transistor connected between a drain of 

3 the output transistor and the first transistor, said blocking 

4 transistor having a gate connected to a gate of the row select 

5 transistor . 

1 9. The imaging device of claim 1, further comprising a 

2 gain selector to enable a change in gain in the amplifier. 

1 10. The imaging device of claim 3, further comprising a 

2 gain selector to enable a change in gain in the amplifier, 

3 said gain selector comprising: 

4 a first gain transistor having a drain connected to the 

5 first voltage source; and 

6 a first gain-enable transistor connected between a source 

7 of the gain transistor and the source of the first transistor, 

8 wherein while the first gain-enable transistor is 

9 conducting, the first transistor and the first gain transistor 
10 are connected in parallel. 

1 11. The imaging device of claim 10, wherein the gain 

2 selector further comprises: 
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3 a second gain transistor having a drain connected to the 

4 first voltage source; and 

5 a second gain-enable transistor connected between a 

6 source of the second gain transistor and the source of the 

7 second transistor, 

8 wherein while the second gain-enable transistor is 

9 conducting, the second transistor and the second gain 
10 transistor are connected in parallel. 

1 12. The imaging device of claim 10, wherein each of the 

2 first gain transistor and the first gain enable transistor is 

3 p-type transistor . 

1 13. An imaging device comprising: 

2 a plurality of active pixel sensor cells, each 

3 having a photosensor, a row select transistor, and an output 

4 transistor including a gate connected to a pixel output 

5 voltage; and 

6 a readout circuit connectable to each of said APS 

7 cells, said readout circuit including an amplifier, said 

8 amplifier comprising: 

9 a first branch comprising: 

10 a first transistor having a drain connected to 

11 a first voltage source; 

12 the row select transistor of each pixel; and 

14 
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13 the output transistor of each pixel; 

14 a second branch comprising: 

15 a second transistor having a drain connected to 

16 the first voltage source; 

17 a third transistor having a gate connected to a 

18 second voltage source; 

19 a fourth transistor; and 

20 a source follower transistor having a drain 

21 connected to a source of each of the fourth 

22 transistor and the output transistor of each pixel. 

1 14. The imaging device of claim 13, wherein the 

2 amplifier provides a gain of about one or higher. 

1 15. The imaging device of claim 3, wherein the first 

2 voltage source comprises V DD . 

1 16. The imaging device of claim 13, wherein each of said 

2 transistors comprise a MOSFET. 

1 17. The imaging device of claim 3, wherein each of the 

2 first and second transistors comprise a p-type transistor and 

3 each of the row select transistors, output transistors, third 

4 transistor, fourth transistor, and source follower transistor 

5 comprise an n-type transistor. 



15 
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ABSTRACT 

An active pixel sensor (APS) includes an array of 
individually addressable APS cells ad a pixel readout 
structure that includes an amplifier. The amplifier may have 
a two-branched structure and provide a gain of one or higher. 
Additional switches may be provided in the pixels to provide 
protection for pixel output transistors from voltage changes 
in the column line. Structure may also be provided for 
optional gain selection in the amplifier. 




Figure 1. The new readout structure 
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APPENDIX A 



How to build a preamplifier 

A typical preamplifier is shown in Figure 2. 




Figure 2. Schematics of a typical preamplifier 
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Figure I. Amplifier readout with minimum effect from the column output. 
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made on information end belief are believed to be true; and flatter that thc^e statements were made with the 
knowledge that wjll&l false statements and die like so made are punishable by fine or imprisonment or both, under 
Section 1001 of Tide 18 of the United States Code and that such willful false statements may jeopardise die validity 
of fee application or any patents issued thereon. 



Pull Name of Iwenton ANDERS ANDBRSSON 



Inventor's Signature,* 
Residence Address; 



Citizenship: 

Post Office Address; 





^QOod^rc*, CJV ^vvov- IV^£ 



